ABSTRACT A forensic-phonetic speaker identification experiment is 
INTRODUCTION
Undoubtedly the most typical scenario in technical forensic speaker identification involves the comparison of one or more samples of an unknown voice with one or more samples of a known voice. Often the unknown voice is that of the individual alleged to have committed an offence, and the known voice belongs to the suspect. Obviously, both prosecution and defence are then concerned with being able to say on the basis of the evidence -the similarities and differences between the suspect and offender speech samples -whether the two samples have come from the same person, and thus be able either to identify the suspect as the offender, or eliminate them from suspicion. Kinoshita (2001: 328) is careful to point out that her experiment was unrealistic in using a small number of speakers, and it is one obvious aim of the experiment reported here to see how well same-speaker pairs can be discriminated from different-speaker pairs with a LR-based approach using a considerably larger database of 60 speakers.
As a second forensically realistic condition, we have retained the segment-based approach commonly used in real forensic case-work and looked only at the discriminant power from a few (three) selected phonetic segments. This is what the segmental in the paper's title refers to: it is intended to contrast with the long-term, or global approach typical of automatic speaker recognition. However, we have tried to have the best of both traditional and automatic worlds by quantifying the segments with respect to both automatic (cepstrum) and traditional (formant centre-frequencies) parameters. This enables us to address a further question concerning the relative discriminant power, and the associated strength of evidence, of these two approaches. Another realistic condition, of course, is the use of telephone recordings.
The most important question we want to address, however, is this: what is the average strength of forensic evidence to be expected from such an approach? That is, if, say, suspect and offender speech samples were to be compared using a test like this, and the value for the LR was determined to be bigger than unity, what is the strength of this evidence? The answer to this question is the likelihood ratio associated with the test (LR,".,) . This is the probability of the evidence assuming same-speaker data relative to the probability of the evidence assuming different-speaker data, where the evidence is that the LR obtained from the comparison was greater than unity. This is shown in (1) . The magnitude of LR,.,, will clearly determine whether the strength of evidence is probative and whether such an approach is worth pursuing.
(1) Strength of evidence : LRr,., : p (LR>1 | same-speaker pair) 1r (LR> I I differenr-sp.rt..r pnirl PROCEDURE Part of the speaker database of the Japanese National Research Institute for Police Science (NRIPS) was used. This database, which was used in a previous speaker identification experiment, (Osanai et [N] , but it also shows place assimilation with following, heterosyllabic, segments, and is often realized without closure as a nasalized vowel . The mora nasal was chosen because nasal sonorants are assumed to be among the best segments for speaker identification/discrimination , and the mora nasal in Japanese can be expected to have a fairly long, stable spectrum due to its phonological properties qwa separate mora and pitchaccent carrier. There is also the intriguing observation (Vance L987:35) that the production of /N/ in some way directly reflects the speaker's articulatory setting.
The [q] occurs allophonically in Standard Japanese, at least under one phonemic analysis (Vance 1987: 21-30) (Kinoshita 2001: 224) . Since the segments have differing phonological status, they are represented in this paper with variable notation, thus: (N), (9) and (oo). Thble 1 summarizes the relationship between the segments, the phonemes they form part of, their romanized forms, and the notation used in this paper. (s) fc:l hl, [*] lollol /N/ on (oo) (N) Each sample consisted of seven tokens of (N), 10 of (9), and 10 of (oo).
The words containing these tokens are given in Thble 2. To calculate the LR, the same formula was implemented as that used by Kinoshita (2001 Kinoshita ( , 2002 (Kinoshita 2001 , Rose 2003 (q) The spectrum of (9) shows a typical diffuse-acute profile expected for palatal/high front segments. According to Stevens (2000: 405-8 It is possible that the lowest spectral peak for (9) at c. 600 Hz, which we have labelled as 'F1', is the expected Helmholtz resonance at somewhat less than 400 Hz (Stevens 2000: 385, 406) shifted up by the telephone transmission. Its non-truncated, symmetrical shape may also indicate a subglottal resonance typical in voiceless fricatives, although its amplitude is rather high for that. A low frequency resonance between about 0.3 and 0.8 kHz was also noted for lcl in some speakers by Kinoshita (2001: tB5-6, appendix 5).
Strength of forensic speaker identification euidence 187 (N) The mean (N) spectrum shows a low peak at c. 300 Hz labelled as 'F1', with a clear second peak at c. ',.2kHz. A third spectral peak occurs at c. 2.3 kHz labelled 'F3', above which rhe specrrum is fairly undifferentiated, but from which two peaks, labelled 'F4' at c. 3.0 kHz, and 'F5' at c. 4.2kHz, were automatically extracted. These values agree very well with those for a male velar nasal in Stevens (2000: 507ff.) which suggests a predominant realization with little or no oral cavity, as in [4] or [N] . Figure 4 shows the probability density distributions for the LR values from the discrimination tests using formants and cepstral coefficients (ccs).
Distributions
The LR values shown are the ones that gave the best discrimination results -these were obtained when data from all three segments were combined.
Note that the horizontal scales are logarithmic, and have been approximately equalized, since the LR values for the CCs have a much lower limit than those for the formanrs. Figure 4 shows Figure 5 can be seen to lie at a threshold of about 1E-09.
The overall picture from the results in Table 3 For a test using combined cepstral data, the average strength of evidence is actually quite good. With this approach, one would, on average, be c. nine hundred times (i.e. 38.310.04, and allowing for rounding error) more likely to get a LR bigger than one assuming same rather than different speaker data. This -a LR between 100 and 1000 -would rate as 'moderately strong' evidence in support of the prosecution hypothesis.
It is clear that the magnitude of the LR for the test is primarily a result of the powerful discrimination of different-speaker pairs. As already pointed out, the cepstral discrimination of same-speaker pairs (38.3 per cent) is very poor on its own, but it is considerably bigger than the (0.04 per cent) incorrectly identified different-speaker pairs. This is a good demonstration of the power of an approach which takes into account, as it must, not just the similarity between samples -the probability of getting the difference assuming same-sample provenance -but also their typicality -the probability of getting the difference at random from different speakers in the population (Aitken 1995: 180) .
It is worth noting that it is the same-subject data that are difficult to discriminate -the different-subject data could be very nearly absolutely discriminated with this test using the cepstrum. Kinoshita (2001: 306) The accuracy of the strength of evidence estimate is also a function of the degree of correlation between the parameters. As mentioned above, it was assumed that the parameters were uncorrelated, so that their LRs could simply be multiplied together to get an overall LR for the comparison.
From Thble 4, which summarizes the within-segment correlations for the formants, it can be seen that the degree of correlation between formanrs within a segment was, as expected from Kinoshita's (2001) Since one of the variables in the present experiment was the choice of formants vs cepstrum, it may be also be concluded from the results that, other things being equal, the cepstrum gives stronger evidence. The power of the cepstrum must always be considered against its relative uninterpretability, however (Rose 2003) .
Other questions and caueats
Several questions remain, the most important of which is: why does deriving a LR from the combination of segments have the desired result of causing the different-speaker probability density distribution to migrate lower than unity, but leave the same-speaker distribution apparently unaffected and straddling unity? It would also be interesting to see if cepstral performance could be improved by the use of a band-selective cepstral distance rather than the whole Nyquist interval (Rose and Clermont 2001') .
The use of the transcription in Thble 2 should not be taken to imply that the samples used in this experiment were phonologically homogeneous. In particular, Modern Standard Japanese (MSJ) has a type of contrastive pitch called pitch accent (Rose 2002: 160) these two fricatives is described as alveolopalatal and palatoalveolar respectively. According to Ladefoged and Maddieson (1996: 148-64 
